Background: Several specialized softwares are commercially available for the elective storage of stress echo (SE) data. State-of-theart SE is based upon novel parameters in addition to regional wall motion. Objective: To develop a novel software for SE data storage and reporting. Methods: We developed the prototype of a SE Comprehensive Software (SECS) with a minimum data set eventually allowing standardized collection of data. The software runs with medium-low performance computers as well as with the most popular operating systems (Windows, MAC OS and Linux). The export functions towards widely accepted formats allow easy data sharing. The software is able to generate a customized report which can be expanded in PDF and comma-separated values formats. Results: The program prototype data entry requires < 2 min per study. The main pages focus on the 5 steps of ABCDE-SE: step A (regional wall motion); step B (B-lines with 4-site simplified scan); step C (contractile reserve with force derived from systolic blood pressure and end-systolic volume); step D (Doppler-based coronary flow velocity reserve in left anterior descending coronary artery); step E (EKG-based chronotropic reserve measured as peak/rest heart rate). The final page graphically summarizes the ABCDE information in a risk prediction model (cardiac death rate per year, from low risk < 1% to high risk > 3 %). Conclusion: SECS may provide a suitable infrastructure for an advanced clinical and research application, with simple graphic format and convenient reporting option. It may represent a trade-off between exhaustive information required by scientific standards and smooth workflow priority of busy, high volume, clinically-driven activities. Large scale validation and adaptation from users' feedback is necessary prior to dissemination on demand.
INTRODUCTION
Progress in science is made easier by sharing data. This has been successfully achieved in several disciplines (from genomics to laboratory medicine) by adopting uniform approaches to acquisition, archiving and reporting, eventually leading to standardization, traceability and harmonization of data. (1) The same principle may apply to stress echocardiography (SE). Ideally, the same technique of acquisition, the same set of parameters and the same clinical meaning attributed to observed findings should be part of image acquisition, interpretation and reporting (2, 3) . SE is rapidly evolving and increasingly applied within (4, 5) and beyond CAD. (6, 7) In the contemporary ABCDE protocol, SE has been enriched by the assessment not only of step A (conventional regional wall motion abnormalities, still the time-honored cornerstone of diagnosis and risk stratification), but also of additional step B (lung water by B-lines), step C (left ventricular contractile reserve based on Force), step D (Doppler based assessment of coronary microcirculation), and non-imaging step E (EKG-based heart rate reserve) (8, 9) . Each step focuses on a different pathophysiological target and window of clinical vulnerability of the patient: epicardial obstructive coronary artery stenosis in step A (10 ), lung congestion in step B (11-15), myocardial fibrosis and/or necrosis in step C (16,17), coronary microcirculation in step D (18) (19) (20) (21) and cardiac autonomic function in step E (22) . They all have shown incremental value over simple regional wall motion abnormalities in predicting outcome. (15, (17) (18) (19) Yet the methodology, reporting and clinical meaning attributed to these findings is far from being standardized.
We present the prototype of a Stress Echo Comprehensive Software (SECS), part of the SE2020 study promoted by the Italian National Research Council and endorsed by the Italian Society of Echocardiography and Cardiovascular Imaging. (23) In this project, cardiologists team-worked with information technology experts over the years to produce a unified data format for SE data storage and reporting, instrumental to the implementation and dissemination of the SE 2020 study.
METHODS
The SE 2020 study was started in 2016 and now networks 50 accredited SE labs of 16 countries targeting the recruitment of 10,000 patients within the year 2020, in a variety of different diseases, from coronary artery disease to heart failure, from cardiomyopathy to congenital heart disease. To allow a standardized, flexible, and omnivorous comprehensive data entry, SECS prototype was developed, with a general data entry (patient-, disease-and stress-specific) and project-tailored pages.
From the integration of selected inputted data, some clinical risk scores are automatically calculated by the program. They include the pre-test likelihood in patients with suspected coronary artery disease on the basis of age, gender and type of angina (absent, typical or atypical) or dyspnea. (8)
RESULTS
The program prototype has been developed as a platform for testing among selected users. The data entry requires < 2 min per patient. The software runs with medium-low performance computers, and with the most popular operating systems such as Windows, MAC OS and Linux, in order to reach most users. The export functions towards widely accepted formats allow easy data sharing. The software is able to generate a customized report which can be expanded in PDF and comma-separated value formats. .
A simple graphical user interface opens different windows to enter clinical data and SE information. With simple input functions including demographics, age and gender, the user selects from a predetermined menu variables related to type of disease and type of parameter. The opening includes core clinical information. Subsequent pages are devoted to step A of regional wall motion ( Figure 1 Figure 5 ). For each step, a table reports normal ranges and abnormal values, always depicted in a color code from mild (yellow), moderate (orange) or severe (red) abnormal response. In the final page ( Figure 6 ), the same information is provided in a graphic format with the same color-code representing the rest-stress response for every specific parameter, with the corresponding value of risk for hard events derived from available evidences.
DISCUSSION
SECS implementation in the SE2020 study network will have a potential beneficial impact on the clinical, scientific and communication interface of the daily clinical activities taking place in SE labs.
The clinical benefit
The implementation of a dedicated software plays a crucial role for the development of a standardized, uniform format for storage and reporting of clinical and echo data. Any software developed in an echocardiography environment should improve quality and efficiency, and the easiest place to start is a minimal set of standardized measurements tailored to the indications for the examination. Depending on the results, the software indicates whether the findings are normal, also proposing a grading of the abnormal response as mild, moderate and severe. As always happens in the information technology field, the program is continuously and periodically updated on the basis of the users' feedback and upgrading of knowledge, including the one generated within the SE2020 study. For instance, the ABCDE format is upgraded in valvular heart disease or hypertrophic cardiomyopathy with the F and G steps, with step F describing regur-gitant flows (for instance in mitral insufficiency) and step G for gradients (valvular and intraventricular). In these patients, functional characterization, risk stratification and therapy are best obtained with the ABCDEFG approach.
The scientific benefit
The need of expanding evidence-based practice in the various fields of SE must be fed by large scale data acquired in specific subsets with an immaculate methodology. With the proposed software platform, all centers are gently forced to seek and store the same data set for any given pathology, with a single input for clinical data storage and scientific data archiving, avoiding the loss of time and accuracy inherent to duplicate entry of data. In addition, the data are frozen at the time of data entry in the centralized data bank, with the possibility of periodic follow-up updates. This can only increase the quality of the data, inputted in a central data bank by researchers not involved in data acquisition and analyzed by biostatisticians unaware of patient identity.
The communication benefit
Communication is of the utmost importance for an effective use of a novel or established method, and the Computerized case report form for regional wall motion analysis (step A). In case of normal resting function, viability stage (middle panel) is not contemplated. A normal wall motion is present at rest (all segments coded in green). At peak stress, severe regional wall motion abnormalities (coded in red, dyskinesia; orange, akinesia; and yellow, hypokinesia) develop. The grading of the response is reported in tabular (right upper panel) and graphic (left lower panel) format, with normal range values in green and abnormal values in yellow (mild degree), orange (moderate degree) and red (severe degree). quality of reporting is quintessential to ensure accuracy and consistency. With SECS dissemination, the same format of reporting might be adopted by all laboratories with the information in words coupled with a tabular and an image side, which may help the referring physician and the patient to capture at a glance the essence of the report, also avoiding some descriptive, clinically elusive reporting which plagues SE everyday life. As a consequence, there is today a methodological Tower of Babel with each laboratory applying its own approaches, ways of archiving and reporting, and criteria of interpretation of new parameters or old, established parameters applied to new pathologies. The dictionary of the SE Esperanto is a common software, which should share some basic features: user-friendly (clear and informative, requiring few minutes for data archiving); specific for disease and for type of echocardiographic parameter (since we know that what is good and important for a valvular patient is not necessarily relevant for an ischemic patient); with an intuitive graphic interface; and suitable for data merging and data analysis without further inputted data processing. 
Study limitations
The software only focuses on SE, and a similar approach might be helpful in other fields, such as resting transthoracic and transesophageal or pediatric echocardiography. The structure of the database implies that some history and clinical information must be added to complete the report. This is essential for the scientific use of the program, but it can be an extra-time for the workflow of a busy lab not interested in systematic storage and scientific handling of accumulated data.
Clinical implications
SECS may provide a suitable infrastructure for the SE 2020 multicenter study, with intuitive interface, eye-catching graphic format and convenient reporting option. It may represent a trade-off between gathering comprehensive information required by scientific standards and smooth workflow priority of busy, high volume, clinically-driven activities. This prototype may now undergo validation, implementation and later diffusion, as already done with a software for user-friendly calculation of radiological risk for cardiovascular examinations, and have a bedside tool to for a simple assessment of the risk-benefit balance of cardiovascular imaging examinations (25), as now recommended by major scientific cardiology societies. (26, 27) The overarching aim is to build the next genera- 
